Background: Transanal endoscopic microsurgery is a safe and efficacious surgical approach for local excision of benign adenomas and early-stage rectal cancer. However, utilization of the technique has been limited due to the unavailability of high-priced specialized instrumentation at many institutions and the technically demanding training required. To avoid these obstacles, we have explored an alternative approach called Transanal Endoscopic Video-Assisted excision, which combines the merits of singleport access and local transanal excision.
INTRODUCTION
Transanal endoscopic microsurgery (TEM) is a safe and feasible minimally invasive surgical (MIS) approach for the treatment of benign adenomas and early-stage carcinomas of the rectum. 1 The modality facilitates removal of lesions not otherwise amenable to standard transanal excision (TAE), thereby extending the utility of MIS technique for polyps of the middle and upper rectum. 2 TEM provides enhanced visualization and precise excision, resulting in reduced length of hospital stay and low morbidity and mortality compared with low anterior resection (LAR) and abdominoperineal resection (APR). 3 Nonetheless, several barriers have limited widespread adaptation of TEM, including the need for specialized instrumentation and the associated costs and steep learning curve of the technique. 4 Recently, a novel platform combining single-port access with the principles of transanal excision has emerged as a practical approach averting the complexities inherent to TEM. [5] [6] [7] A disposable SILS Port Multiple Instrument Access Port (Covidien, Mansfield, MA, USA) and standard laparoscopic instrumentation are used to perform local transanal excision in the middle and upper rectum. We present our technique and considerations for this innovative approach, which we call Transanal Endoscopic Video-Assisted (TEVA) excision.
MATERIALS AND METHODS
Transanal endoscopic video-assisted excision is performed using a disposable SILS Port and standard nonarticulating laparoscopic instrumentation. We have developed and refined our approach to facilitate safe excision of rectal pathologies and maintenance of oncologic principles.
Operative Technique
The patient is placed in the lithotomy position with legs elevated in "candy-cane" stirrups. The port is inserted and secured in the anal canal with interrupted 2-0 Vicryl (or silk) sutures. Trocars (two 5-mm and one 12-mm) are placed into the cannulae on the port. Pneumorectum is established and maintained with carbon dioxide (CO 2 ) insufflation. A laparoscopic 30°camera (5-mm trocar), a 5-mm atraumatic grasper (5-mm trocar), and a pencil hook bovie cautery (12-mm trocar) are introduced into the rectum. The lesion is circumferentially scored at 1 to 2cm from its edges and gently retracted, followed by fullthickness excision through the muscularis propria into the perirectal fat (mesorectum). The lesion is subsequently removed in a specimen bag through the 12-mm trocar. The wall defect is approximated and primarily closed using interrupted 2-0 Vicryl sutures. Final surveillance ensures proper defect closure, hemostasis, and luminal patency. The instruments and port are removed.
DISCUSSION
Transanal endoscopic video-assisted excision is a safe and feasible approach for the management of middle and upper rectal lesions not amenable to traditional transanal excision. Furthermore, the approach capitalizes on the benefits of local TAE 8 while avoiding the technical limitations and the steep costs associated with TEM. 9, 10 The procedure utilizes readily available surgical instrumentation, requires minimal setup, and translates well to the experienced laparoscopic surgeon. Our developed approach is intended for safe local excision with maintenance of oncologic principles 11 and reduction of the obstacles that have limited broad implementation of TEM. TEVA excision may prove to be a viable alternative to TEM; however, several technical considerations should be taken into account for proper application of this novel platform.
Patient Positioning
Patient positioning is critical for performing TEM and is influenced by the location of the tumor and the nature of the operative equipment. 12 The patient is placed in the position that best centers the target lesion in the lower half of the visual field (6 o'clock position): prone jackknife for anterior wall lesions, lithotomy for posterior wall lesions, and lateral decubitus for sidewall lesions. 13 This provides proper orientation for the surgeon utilizing specialized TEM instrumentation that remains fixed to the operating table throughout the procedure.
Unlike traditional TAE and TEM, positioning for TEVA excision is independent of the location of the lesion. The ideal position is lithotomy with legs elevated in "candycane" stirrups. This position promotes exposure and excision of lesions situated in any quadrant of the rectal lumen. The laparoscopic instrumentation used for TEVA excision is not secured to the operating table as is required for TEM and the setup provides unimpeded deep and lateral instrument motion. Utilization of the lithotomy position may be associated with decreased risk for positionrelated nerve injuries 14 -16 and loss of airway control 17, 18 considered most often with the prone position.
Device Setup for Access to the Rectal Lumen
Intrarectal access for TEM is achieved through a 4-cm (40-mm) beveled operating rectoscope. 19 The scope allows excision of lesions up to 25cm from the anal verge; however, repeated readjustments may be necessary to center the lesion for excision. A glass face-piece with airtight working ports is used to seal the scope's external end, creating a closed pressurized system. If a leak develops in the system, such as from damaged rubber sleeves and caps on the ports, the rectum will collapse and visualization will be obscured. Troubleshooting can become very time-consuming and arduous, thereby extending operative times, prolonging anal dilation, and possibly leading to anorectal dysfunction. 20 -23 The SILS port provides access to the rectal lumen for TEVA excision. The device is inserted into the anal canal using steady manual pressure (Figure 1a) . Anal dilation and lubricant are not required due to the flexible nature of the SILS port. Constructed from a mixture of elastic polymers, the soft pliable material affords insertion through a 2-cm (20-mm) incision routinely used for single-incision laparoscopic surgery. When utilized for TAE, the SILS port's dimensions (approximately 30-mm diameter waist) and malleable design conform to the structure of the anal canal. TEVA excision may be associated with reduced sphincter strain and consequently, a lower incidence of postoperative anorectal dysfunction. However, comprehensive evaluation must be undertaken to verify this potential benefit.
The outer diameter (approximately 50mm) of the SILS port creates a seal against the perianal skin for prevention of CO 2 leakage. Interrupted silk or 2-0 Vicryl sutures may be used to secure the port, (Figure 1b and 1c) , especially if presented with a patulous anus. Though once fixed, the port cannot be freely rotated, an important maneuver that may aid in optimizing access to the targeted lesion. One 12-mm and two 5-mm trocars are inserted into the cannulae on the port (Figure 1d) , and pneumorectum is established with CO 2 insufflation.
Optical and Surgical Instrumentation
A binocular stereoscopic eyepiece is used for visualization during TEM. 24 The stereoscope provides a 3-dimensional field of view with 6-fold magnification for precise excision, while an accessory scope offers a 2-dimensional field of view for the assistants. A wide array of surgical instrumentation has been developed; however, despite these advancements, the technique remains unchanged. 25, 26 TEM is performed with instruments and optics in parallel (collinear) alignment, often resulting in repetitive clashing and loss of the air seal. As a result, the learning curve for TEM remains steep.
Standard laparoscopic instrumentation is utilized for TEVA excision. A laparoscopic 30°camera, a 5-mm atraumatic grasper, and a bovie cautery or comparable thermal energy device are introduced into the rectal lumen through the anterior 5-mm (12-o'clock), left lateral 5-mm (8-o'clock), and right lateral 12-mm trocars (4-o'clock), respectively (Figure 2) . A laparoscopic 45°camera may help overcome limited visualization of lesions situated behind the second or third haustral folds. The video systems used for conventional laparoscopy are utilized. A right-angle light cord adaptor (KARL STORZ Endoscopy, El Segundo, CA, USA) should be used to reduce potential external clashing of instruments and camera (Figure 3) .
Internal crossing of instruments provides ample triangulation and retraction, limiting external clashing during TEVA excision. This allows the procedure to be performed with technical principles similar to those of single- incision laparoscopic surgery. 27 The location of the lesion may influence instrument insertion; the arrangement that provides the most optimal retraction and thorough excision should be used. In addition, alternating retraction and dissection between hands (instruments) eliminates the need for variable patient positioning. Parallel or collinear dissection may be utilized at the surgeon's discretion; however, this may limit the effective working area during the procedure.
Articulating instrumentation is not required for TEVA excision as these tools may prove to be cumbersome and less intuitive. Ultimately, the complexity of the procedure (learning curve) and the risk for inadvertent trauma may be increased. Similarly, a flexible tip camera may not enhance the procedure because the rectal circumference is too small to effectively capitalize on its visual advantages. The camera may frequently become cloudy or hazy, adding additional time to the procedure as repeated cleaning becomes mandatory for maintaining a proper visual field. In addition, use of specialized instrumentation may result in increased cost for the procedure.
Excision and Maintenance of Oncologic Principles
Similar to the technique used for TEM, 28 the lesion is identified and circumferentially scored at 1 to 2cm from its edges, ensuring that adequate oncologic margins are obtained during TEVA excision. We utilize a bovie cautery with an Opti2 Laparoscopic Wire L Hook Tip Electrode (Valleylab, Covidien, Mansfield, MA, USA) for scoring and excision. However, other energy sources or electrodes, such as a monopolar hook or a bovie spatula, may be used for this approach. Excision should be performed at a tangential angle to the elevated lesion to guarantee a full-thickness (cylindrical) specimen. Therefore, a Harmonic scalpel should be avoided as this can result in an inadequate oblique (conical) specimen. A linear stapler may prove particularly advantageous for benign, pedunculated, wide-stalked polyps but should be avoided for malignant lesions for which adequate margins are crucial. Following excision, the lesion is subsequently placed in an Endo Catch specimen pouch (Autosuture, Covidien, Mansfield, MA, USA) and removed.
Closure of Defect
A laparoscopic needle driver is ideal for primary closure of the rectal wall following TEVA excision. If an SH needle is used, a 5-mm trocar will need to be replaced with a 10-mm trocar for introduction and removal of the needle. Alternatively, a 3-mm laparoscopic needle driver and RB-1 needle may be used through a 5-mm trocar, thus avoiding unnecessary trocar exchange. Regardless of needle size, intraluminal knot tying can be readily achieved in any quadrant of the rectal wall. A knot pusher should be avoided as this may result in loss of pneumorectum. If laparoscopic suturing and knot tying prove to be overly challenging or complex, a LaparoClip (Davis and Geck, Danbury, CT, USA) or Lapra-Ty absorbable suture clip (Ethicon Endo-Surgery, Inc., Cincinnati, OH, USA) may be used, although this will likely increase the overall cost of the procedure.
Final Surveillance
Final surveillance is performed to ensure preservation of an intact suture line with proper hemostasis. The camera and instruments are removed, followed by the SILS port.
Cost
Although very early in its utilization, TEVA excision offers several potential benefits over TEM, including a lower learning curve and a reduced cost. The TEM rectoscope and insufflation system alone cost an estimated $75,000 to $85,000, 29 which is considerably greater than the cost of the SILS port, approximately $500 to $600. This difference does not reflect the costs associated with the optical and surgical instrumentation, which will likely further amplify this discrepancy to a greater extent. As such, TEVA excision may emerge as a favorable cost-effective modality for palliative 
Limitations
Nevertheless, TEVA excision does have its limitations. The platform does not currently offer an equal level of rectal access (reach) compared with TEM (15 to 18cm versus 20 to 25cm). In addition, there is a tendency for smoke to obscure the surgical field during excision, although use of a smoke evacuator or small pulse suctioning (lasting only a few seconds at a time) may improve the visual field. Excessive or continuous suction will result in immediate collapse of the rectal lumen. Larger comparative studies will be needed to establish the overall efficacy of TEVA excision with regard to complication rate, recurrence rate, and overall survival. Still, this innovative approach represents a step toward the development of efficacious and costeffective modalities for local management of benign and malignant rectal lesions.
CONCLUSION
Transanal endoscopic video-assisted excision offers an appealing alternative to transanal endoscopic microsurgery. The approach affords a relatively inexpensive platform with excellent exposure and adaptability for local transanal excision of middle and upper rectal tumors. Experienced laparoscopic surgeons will be able to perform the procedure with minimal training by applying principles of both conventional and single-incision laparoscopic surgery. Although many of the pitfalls associated with transanal endoscopic microsurgery may be averted, this new technique is not without its own limitations. Still very early in its infancy, the potential impact of transanal endoscopic video-assisted excision is promising. Ultimately, additional experience with the technique and advancements in instrumentation will be essential at extending its utility.
